
Bioinvasion, the spread of non-native "exotic" species,
may be the least visible and least predictable of all the
major dimensions of ecological decline. It is also one of the most ~
dangerous, because exotics often create pressures for which
there is no local evolutionary precedent: native species simply-~ff~ ~
may not be adapted to live with the invaders. The result,
increasingly, is widespread suppression of natives and some-
times extinction. As a threat to global biological diversity, bioinvasion
may now be surpassed only by the broadest category of environmental
decline, habitat loss.

Some exotics are released intentionally--trees for plantations, for example, or
fish for aquaculture. ’But many of the worst invasions have been accidents.
Industry and trade are continually leaking weeds, forest pests, aggressive crabs, ~~_

.Predatory jellyfish, and all sorts of other invasive organisms out into the world’s
natural spaces. Sometimes even the intentional releases go wild, and spread far
b~yond their appointed ranges.

in this article, adapted from Chapter 7 of Life Out of Bounds: Bioinvasion in a ~.
Borderless World, Chris Bright explores the realm of the biotic spill--and
the growing threat of biological pollution.
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The hazardous waste thai makes more of itself

by Chris Bright

he convulsions have ebbed away but lefthad largely disappeared. The Black Sea had been poi-
low-grade infection, incurable andsoned by ballast water, one of the most common

subject to fl.are-up. This is the victim: forms of marine pollution today--and one of the
the Black Sea, where Ovid passed Irismost dangerous.
exile, where the Byzantine Empire rose Despite its apparent stability, a big ship doesn’t

and gave way to the Crusaders, the Golden Horde,sail simply by virtue of its design, any more than an
and the Ottoman Turks. These are the waters stainedairplane flies simply because it has wings. Keeping a
by the terrible pogroms of Stalin and Hitler, caressedship upright takes ballast water--lots of it. Moving
by generations of Russian elite on holiday, tha{ water in and out of the cavernous tanks designed

And all that time, along the Adantic coast of theto ho!d it is as critical a part of the nautical routine as

Americas, constellations of little luminescent blobsmanaging the rudder or the engines. Ballast water
were drifting along, here and there, out beyond themust be taken on when cargo is unloaded, or as fuel

roar of the surf. This is the pathogen: the Leidy’sis consumed, or to provide extra stability in heavy
comb jelly (Mnemiopsis leidyi), a wide-weather, or sometimes to make the ship ride low
spread species but nothing special. Untilenough to pass under a bridge. And for every reason
one day in the early 1980s, when a shipthat it’s pumped aboard, there’s a corresponding rea-

~ enroute from---~ svho. knmvs?--New York, son for pumping it out--taking aboard cargo, mak-
maybe, or Caracas~ sailed up the Bosporus,ing the ship ride high enough to move into a shallow

into the Black Sea, and squirted the jelly outharbor, and so on. The ballast capacity of a big tanker
of its ballast water tanks, can exceed 200,000 cubic meters-enough to fill

Leidy’s comb jelly eats the myriad tiny animals2,000 Olympic-sized swimming pools and its ....
known collectively as zooplankton. And since nothingpumps can move that water at rates as high as 20,000

cubic meters an hour. That’s not gentle suction.in the Black Sea would eat the jelly, it launched one
of the most intense biological invasions ever recordedMost ballasting is done around harbors, in shallow
in a marine ecosys.t.em. By late 1988, a single cubicwater, and ships sometimes scour the bottom as
meter of Black Sea water could contain as many. asthey’re ballasting up. In the resultant turmoil, the
500 jellies, most of them probably smaller than yourslurry gushing into the tanks may contain hundreds
thumb. If all of the jellies could have been hauled outof cubic meters of sediment--along with any small
of the sea that fall and weighed, the take would havecreatures that happen to be in the water, the mud, or
come to between 900 million and 1 billion tons--aton nearby harbor pilings.

least 10 times the total world fishery catch The tanks of a large ship may come to support a

~ for that year. But the anchovies and otherchaotic but more-or-less permanent living communi-
fish that make up the sea’s traditional catchty. A large ballast tank can only be emptied com-
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.pletely by opening it up, and that is only done duringsteadily more polluted from fertilizer run-off and the
dry-dock overhaul, which on a well-maintained vesselraw sewage of some 170 million people. This nutri-

O might occur every three to five years. Routine useent-rich pollution was feeding clouds of algae, which
always leaves plenty of room for biological activity. Inwere robbing the water of light and burning up oxy-
one recent survey of large slfips reporting no ballastgen as they decayed. The Black Sea is naturally anox-
on board, the burden of unpumpable water and sed-ic (oxygen-poor) to begin with. For millennia, rafts of
iment in their "empty" tanks averaged 157.7 metricplant material would sweep in from the Danube and
tons---enough to fill perhaps a dozen dump trucks, the other tributary rivers, consuming the oxygen as

Ballast water is a soup stocked from harbors allthey rotted, and leaving only a film of aerated water
over the world. The holes in ballast intake grates aretiding a vast anoxic pool--the largest such pool on
usually about a centimeter wide. That’s probablyearth. The algae had begun to suffocate that upper
plenty of room for most marine organisms in larvallayer of life. The algae were also shading out the huge
form--most fish larvae, for instance, are smallshallow-water seagrass beds that had once functioned
enough to pass through. Sometimes the grates fallas the sea’s "lungs"--and as prime habitat for fish,
off, allowing much larger creatures to enter~ In Aprilcrustaceans, sponges, and many other creatures. But
1995, for example, the tanks of a ship that had comezooplankton eat algae--and zooplankton were just
into Baltimore harbor from the eastern Mediter-about all that remained of the sea’s battered immune
ranean were found to contain more than 50 healthysystem. Then the jelly ate virtually all the zooplank-
mtfllet from 30 to 36 centimeters long. ton. Algae and jelly were almost the only living things

But some of the most significant stowaways arein the water. At its peak, the jelly alone accounted for
microscopic: in i991, ballast discharge from ships95 percent of the sea’s entire wet weight biomass.’
arriving in Peruvian ports from South Asia is thought By the mid-1990s, the jelly was showing signs of
to have unleashed the first cholera epidemic that thehaving exhausted its larder. Its Black Sea population has
Western Hemisphere had seen for more than a cen-declined, but by I992 it had invaded the Sea of Mar-
tury. The outbreak may have infected several millionmara, below the Bosporus, and it has turned up farther
people and killed 10,000 of them. Ships outboundsouth, in the Aegean as well. Eventually, it might infest
from Latin America were found to have cholera-ladenmuch of the Mediterranean coastline. Shipping could

O ballast upon arrival in ports in Australia and the Unit-also take it north, up the great European rivers that run
- ed States. In 1992, as the epidemic gained momen-into the Black Sea, and into the Baltic. Neither the

tum in South America, more cases of imported" Mediterranean nor the Baltic~are in robust health and
cholera were observed in the United States than inwe have no way of knowing how either would cope
any year since surveillance for that disease began, with an M. leidyiinfection. In the meantime, several jel-

There are more than 28,700 vessels in the world’slyfish native to the Black Sea have established them-
major merchant fleets and they make up by far theselves ha the Chesapeake Bay on the U.S. East Coast,
largest part of the world’s trading infrastructure,and in San Francisco Bay on the West Coast.
About 80 percent of the world’s commodities travel Despite their capacity for havoc, most ballast-
by ship for at least part of the journey to their con-water invaders don’t get much press. To the news
sumers, and the volume of seaborne trade is climbingmedia and probably to the public in general, marine
steadily upward. From 1970 to 1996, the trade neat’-pollution usually means oil spill. The 1989 Exxon
ly doubled (it climbed ffom 10,654 billion ton-miles,Valdez spill in Alaska’s Prince William Sound, for
the standard indti~try meastite, to 20,545 btm).example, attracted major media coverage for months.
Through its ballast systems, the world merchant fleetBut what about the spill that is spreading through the
has in effect superimposed a second set of currents onSound today? In December 1997, the U.S. Fish and
the world’s oceans, and these meta-currents are farWildlife Service announced that it had discovered four
more efficient at transporting life over long distancesnew species of zooplankton in the Sound, where they
than are the natural ones. On any day, the meta-cur-had been released from tanker ballast. The plankton
rents are moving perhaps 3,000 different species ofappear to have come from East Asia via San Francisco
every conceivable ecological function: green plant,Bay. Scientists are concerned that the invaders may
p’~thogen, parasite, herbivore, carnivore, scavenger,develop a taste for the same foods that are needed by
And in harbor after harbor, the same species arethe Dungeness crab, an important fishery species. As
appearing over and over again--the same crabs andmore and more Alaskan oil is pumped, some scientists
clams, the same worms, sometimes even the samefear that ballast releases like these could become a

Q fish. The world trading system is creating an extra-general threat to the state’s fisheries. The biotic spills,
geographical marine biota. (See table, page 25.) in other words, could become a far greater danger to

In the Black Sea, the process was so traumaticAlaskan coasts than the oil spills. After all, oil spills
parry because the native biota was already so sick.may be a grave environmental insult, but they eventu-
Over the previous several decades, the sea had grownally go away. Biotic spills do not.
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B
iotic spills have been a major ecological side-    (Alternanthera philoxeroides), an aggressive South
effect of commerce for centuries, but ballast ~-A~a..~[[£~,pl~nt that flourishes both in water and.on
water is a fairly recent variation on the theme. "land and that is naturally resistant to herbicides--
Keeping a ship afloat by pumping some of thegrew out of the ballast heaps near Newcastle, Aus-

ocean into it was an innovation made possible bytralia, about 50 years ago. It is now choking
motorized pumps and metal hulls. By the turn of theirrigation ditches and natural waterways all along the
century both of these technologies were well estab-coast of New South Wales, and unless it is controlled,
fished and ballast tanks had become common. The firstexperts fear it could spread around the country. Ani-
known ballast water invasion dates from the same era:mals emerged from the heaps as well. One of the
a Chinese species of plankton, Biddulphia sinensis,most common snails on the Northeast coast of the
appeared in the North Sea. United States may have arrived on the shores of the

Earlier generations of sailors shoveled ballast intoNew World in shovelfuls of ballast: the European
their ships: rocks, earth, scrap metal, any other heavyperiwinkle (Littorina littorea). In the late 19th cen-
portside debris--along with the resident beeries,tury it exploded, zebra-mussel fashion, along the
earthworms, sandfleas, and seeds. Ballast was sup-intertidal zone and rearranged (in ways no longer
posed to be dumped and collected at specific sitesentirely clear) shoreline and marsh ecology from

.~arotmd harbors. By the last century, botanists knewNewfoundland to New Jersey¯
:’ that these "ballast points" were good places to The wooden .hulls of.~ai~ng ves.s.els.also hadenor-

prospect for exotic flora. Some of those plants havemous biological potential. Seaweeds and barnacles
since gone prospecting on their own. Alligator weedcolonized the surface, creating mobi!e habitat for

CAUGHT UP IN THE META CURRENTS

Almost every kind of marine organism is riding the shipping routes in ballast tanks .....

Outbound from The zebra mussel, a shellfish native to the Caspian Sea region, is rearranging the ecology of
Europe many North American waterways.

The ruffe, a European fish, is established in the Great Lakes and is beginning to outcompete the
yellow perch and walleye-native fish with an economic value of $90 million annually¯
A Mediterranean f~n w~rm now forms a kind of living carpet over parts of the floor of Port
Phillip Bay, on the southeastern coast of Australia, to the detriment ol~ the local scallop fishery.

¯ .. from The Leidy’s comb jelly, a jellyfish native to the western Atlantic coast, devastated the Black Sea
the Americas fisheries.

The American razor clam, a shellfish native to the Iqorth American Atlantic coast, has estab-
lished itself along the western and northern European coasts.
A bristle werm from the North American Atlantic coast now constitutes 97 percent of the
biomass of the large bottom-dwelling species in the Vistula lagoon, on the Polish coast.

¯.. from The Chinese mitten cr~b and an Asian d~m have invaded San Francisco Bay.
East Asia At least.eight East~Asian ~:opepods are living ;on the ¯Pacific coast of the Americas.

A starfish from the Northwestern Pacific has invaded the Tasmanian coast; it is threatening
local shellfish industries and endangering the native spotted handfish-which could become the
first known marine fish to go extinct during the historic era (although there have likely been
undocumented extinctions).
Poisonous dinoflagellate "red tide" plankton, native to the waters off Japan, occasionally shut
down oyster farms along the southeast coast of Australia.
Various seaweeds native to the Japanese coast are established in the waters off Tasmania and
along both coasts of the United States.

¯.. from The Indian bream, a fish, is established in western Australia.
South Asia Another fish, the Indo-Pacific goby, is established in Nigeria, Cameroon, and the Panama Canal.

A ~:r~b native to the Indo-Pacific and established in the eastern Mediterranean has now
appeared in the waters off Cuba, Venezuela, Colombia,. and Florida.

¯.. from Australia An Australian b~rnade is outcompeting native barnacles over streiches of European coast.

For sources, see chapter 7 of Life Out of Bounds.
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fish, shrimp, crabs, and other little animals. Thegrain carriers coming in from East Asia. The ships’
resultant fouling communities, teeming ~vith all sortslamps produced light of a wavelength that strongly
of life, could be more than a meter thick. Specializedattracted the moths, and the fast crossing, times--so
boring molluscs called shipworms took up residenceimportant in reducing hull fouling--helped insure
inside the hulls, and their continual gnawing openedthe moths’ safe arrival. No doubt, there are other
up little caverns that also became home to other trav-shipboard pathways that haven’t yet been discovered
elers. As early as the 16th century, shipworms werebecause we haven’t yet traced an invader back
regarded as so serious a problem that the Britishthrough them.
Admiralty ordered English ships to stay clear of those The trading network is injecting exotics deep
South American waters deemed most heavily infestedWithin the continents as well. A major leap in invasion
with them. potential involves containers, those big metal boxes

Today, solid ballast is a thin.g of the past and hullthat have revolutionized the freight industry over the
fouling communities are much sparser, thanks topast couple of decades. Containers are nearly ubiqui-
toxic antifouling paints, high sailing speeds, and porttous. They move by ship, train, and truck--in fact,
times often measured in hours instead ofmdnths. Butthe trailers of many trucks are containers. They can
this ancient pathway of invasion has not been dosedbe stacked for weeks or even months in ports or rail,
entirely. A modern hull can offer well over a hectareyards, allowing plenty of time for pests to enter. They
of surface (easily 3 aca’es), below the water line,offer a safe haven to anything that manages to get
so even a fight encrustation could be substantialinside, since they are very difficult to inspect.They
enough to irmoculate a harbor. And some speciesare rarely cleaned between shipments, and they may
of seaweed are now resistant to the copper-basednot be unpacked until they are hundreds of kilo-
toxins in the antifouling paints. Recent fouling intro-meters from their ports of entry. Containers have
ductions include the Mediterranean mussel (Mytilusintegrated sea and land trans.it. They have ruptured
galloprovincialis), which was discovered in. Hong the ancient pattern of ship-borne invasion, in which
Kong in 1983, and the Asian brown seaweedexotics s.imply made their way inland from ports.
Undaria pinnatifida, which is apparently spreading The overwhelming share of. world shipping vol-
along the Pacific coast of South America, the Atlanticume is in bulk commodities, like grain or oil. Mated-
coast of Europe, and the Australian coas~ by ridingals of this sort can’t be containerized, but almost
on ships’ hulls. everything else can be. And increasingly, it is. In

Probably the richest fouling communities these1995, the most recent year for which figures are
days are riding on a kind of vessel that didn’t existavailable, world container traffic had reached 135
during the days of sail: semisubmersible oil drillingmillion TEUs ("twenty-foot equivalent units"--
platforms, which are towed from one seabed oil fieldbecause containers come in several sizes, total volume
to another. Our thirst for oil is dispersing variousis measured by an abstract unit rather than by the
species of fish, sea anemonies, crabs, barnacles, andabsolute number of.containers). As a share of total
algae--but not necessarily the same ohes that rodeshipping volume, container traffic, is growing steadi-
the tall ships. Oil drilling is usually done offshore, soly; it has risen from a’ mere 1.6 percent in 1980 to 6.4
the platforms are moving open-ocean species, ratherpercent by the end of I996--a fourfold increase. And
than the estuary and near-shore creatures most fre-the container is becoming a major means of linking
quently found on ships, developing world economies with their industrialized

The ship itself remains a ~complicated nexus of~n’ading parmers:, by !996,.slightly over half of world
invasion routes, both ancient and modern. Apartcontainer volume was passing through the ports of
from hull surface and ballast tank, exotic speciesdeveloping countries.
stowaway in bilges (the ship’s "storm sewers"), sea Containers have been identified as significant
chests (the ports leading to the ballast tanks), nets,pathways for insects, weed seeds, slugs, and snails.
chain lockersMand in some places an ancient marinerOne of the most dangerous exotics known to be
would never dream o£ In the U.S. Pacific Northwest,using this pathway is the Asian tiger mosquito (Aedes
a series of portside infestations of the Asian strain, ofalbopictus), an extremely aggressive biting pest. In
the gypsy moth (Lymantriu dispar) were detected inAsia, this mosquito is a major vector of dengue fever,
1991 and apparently eliminated over the course ofan excruciating disease that gets its common name
the ensuing year. (The gypsy moth, a widespreadfrom the pain it inflicts: "break-bone fever." Dengue
Eurasian insect, is a serious exotic pest of broadleafinfects about 560,000 people, each year. and kills
forest in eastern North America. Thus far, only the23,000. The mosquito can carry at least 17 other
European strain of the moth has established itself inviral diseases, including various forms of encephalitis
North America; the Asian strain is much more mobileand yellow fever.
and therefore much more dangerous.) The pathway For decades, the Asian tiger mosquito had been a
of invasion, it turned out, was the lighting aboardcommon pest throughout much of the Indo-Pacific
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region, from Madagascar all the way to Hawaii. Then ~ t is apparently a universal dimension of culture,
in the mid-1980s, it embarked on iWversion of world ]f]~/ the.essenfial human enterprise, to be riddled with
conquest. It is currently known to have established ~ hurzdre~{s of these accidental thoroughfares,
itself in the southeastern United States, Brazil, south- ~k which have conveyed other organisms far beyond
ern Europe, South Africa, Nigeria, New Zealand, andtheir natural ranges. This biotic mixing has .exercised
Australia. It may have been a factor in the 1986 yel-a profound influence on landscape and seascape, yet
low fever epidemic in Rio de ~aneiro, in which aboutthe results have often gone unnoticed. During tile
1 million people were infected. In 1991, it was dis-last century, for example, wooden-hulled ships appar-
covered in the midst of a yellow fever outbreak inently brought a tiny, wood-boring crustacean (the
Nigeria. Around the same time, it was a suspected vec-isopod Spbt~romt~ terebrans) to the Atlantic coasts of
tor in several encephalifis epidemics in Florida.the Americas from the Pacific. S. ¢erebrgnshas spread
Researchers fear that the continued spread of the mos-throughout the Atlantic mangrove communities--
qnito could substantially increase the disease burdenthe fringe of stilt-rooted trees common along tropi-
of both the developed and developing worlds. Evencal and warm temperate shores. It attacks and kills
where the diseases it carries are already well estab-mangrove toor tips, thereby controlling the’ trees’
lished, its arrival could be trouble. In the Caribbean,seaward spread. According to James Carlton, a pro-
for example, dengue fever is primarily a disease of thelessor at Williams College in Connecticut and the
cities because the virus still lacks an efficient rural vec-, o.~9r!.d.’s pree~.’me..n.t.~ .au~gdty. on ~ar_i.ne exodc~s, S.~ -
tor--~arole this mosquito could readily play. t¢rebr~ns has "virtually ’reset’ the seaward history" of

The vector of this vector, it turns out, is the con-the western Aflanfic’s mangrove ecosystems.
tainerized used fire. Millions of used tires are traded In the coastal communities they dominate, man-
internationally every year--some to make recycledgroves knit sea and shore together. They buffer the
rubber products or asphalt, but most as fuel for pow-coasts from surf Their roots shelter rich communities
erplants, cement kilns, and so forth. A tire with a lit-of fish, crabs, and many other marine organisms.
de water in it is ideal mosquito habitat~and haveBirds, mammals, and reptiles live in the branches
you ever tried to empty a wet fire completely? Unlessabove. S. terebrans doesn’t seem to have doomed the
you puncture it, you can’t. Within the peculiar con-western Atlantic mangrove communities, but as with
tours of one of the world’s most common objects,the European periwinkle farther north, the little iso-
fluid dynamics and gravity will defeat your everypod’s invasion is a change at once enormous and very
maneuver, subtle. What difference does it make? As far as the

A more recent container-borne invader is theecology is concerned, there may never be a defmifive
Asian longhorn beede (Anoplophort~ &lt~br~pennis). answer--it all depends on the era in which the ques-
Since 1996, this wood-boring insect from China hasfion is asked, and what else is happening in the man-
turned up in more than 30 warehouses all over thegroves. But think about S. t~rebrtrns as a cultural
United States and has succeeded in launching smallphenomenon: our forebears inadvertently rescripted
infestafions around Chicago and New York City. Thethe funcfioning of a vast (if very narrow) ecosystem,
beetle will attack a wide range of broadleaf trees,and we have lived with the invasion for a century or
injuring or killing them by boring through their sap-so. Yet apparently, the change remained completely
wood. Counter-attack is very difficult, since the bee-invisible until Carlton discovered it. ._
fie spends most of its life inside the tree, where it Many biotic spills have spread a similar stain--vast
cant3.ot~.~be r, eache~ .by pesfi.’~ides ~a4). ~ =may .often~ go .... but .very hard~ to.read. In Europe, for example, a fun-
undetected until the damage is done. At present thegal pathogen of North American crayfish was acci-
only method of control consists of cutting, chipping,dentally released into Italian waters around ~860 and
and burning every tree known or suspected of beingis inexorably erasing the native crayfish from that
infested. U.S. foresters have no way of knowing whatcontinent. Probably very few Europeans know that
the beetle would do if it were to establish itself in thethe crayfish in their streams are largely exotic North
country permanently, but it is conceivable that someAmerican species, introduced because they are resis-
native American maples could join the list of treesrant to the fungus. This remedy, incidentally, is a fur-
currendy threatened or rendered functionally extinctther injury to the patient: without the North
by exotic pests. (Se~ table, page 28.) The beetletrav-American .crayfish, the epidemic might have reduced
els in untreated wood pal!ets and packing material,the native crayfish to remnant populations and then
Over China’s strenuous objections, the U.S. govern-run out of steam for lack of victims. But the plague
ment has now imposed emergency restrictions on thisnow has a permanent host in the North American
type ofpacking~a move that could affect’up to one-crayfish, and the beleaguered native species must now
half of China’s $63 billion worth of annual exports toface exotic competitors as well as the exotic diseasel
the United States. Canals have been highly efficient corridors of

invasion, when they connected bodies of water that
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INFECTED FORESTS
sampler of North American trees and the exotics that are threatening ,them.

1892 The white pine blister rust (Cronartium ribicola) is introduced from Europe in infected
nursery stock. The rust has eliminated some stands of whitebark pine (Pinus albicaulis), which is
native to the Rocky Mountains. The pine is vulnerable to the rust over its entire range.

1904 The chestnut blight (Cryphonectria parasitica) arrives in shipments of Asian chestnut
nursery stock. The blight has completely suppressed the American chestnut (Castanea dentata),
formerly a keystone species in most of the deciduous forests east of the Mississippi. The chestnut
is now "functionally extinct."

’1923 The fungus now known as the Port-Orford-cedar root disease (Phytophthora lateralis)
arrives in shipments of Asian conifer nursery stock. The disease is killing the Port-Orford cedar
(Chamaecyparis lawsoniana), which is native only to northern California and southern Oregon.
The cedar may be vulnerable over its entire range, at least at lower elevations.

~ 920s The hemlock woolly adelgid (Adelges tsugae) is discovered on the West Coast. This Asian
insect infests and ~kills Canadian hemlock (Tsuga canadensis), a major component of tl~e 4astern
coniferous forests. The die-back is especially severe in the U.S. Northeast but the hemlock may be
vulnerable over its entire range. (A recently-discovered Japanese ladybug, which appears to prey
exclusively on the adelgid, may eventually ease the threat. The ladybug is being released as a bio-
control agent.)

1920s? The beech scale complex, consisting of a scale insect (Cryptococcus fagisuga) and
one or no fungi (Nectria spp.), is introduced on European beech nursery stock. The disease
has killed over half the trees in some northeastern stands of American beech (Fagus grandifo-
/ia); the full extent of the threat is not known.

1930 The Dutch elm disease, a complex consisting of a European bark beetle (Scoly~us
multistriatus) and the fungus Ophiostoma ulmi, probably from Asia, arrives in shipments of
veneer logs from Europe. The disease has caused the functional extinction of the American
elm (Ulmus americana), native to the East and Midwest.

1967 The butternut canker (Sirococcus clavigignenti-juglandacearum), a fungus of unknown
origin but almost certainly exotic, is discovered in Wisconsin. The fungus has completely elimi-
nated some populations of butternut (Juglans cinerea), a sparsely-distributed tree native to the
East and Midwest. The tree is threatened throughout its range.

.197b The dogwood anthracnose (Discula destructiva), a fungus of unknown origin but prob- d~
ably exotic, is disco~;ered in Washington state. The disease is killing off: the Pacific dogwood
~(.Cornus nuttallit], native to the West Coast, and the eastern dogwood (C. florida), native to the
East and Midwest. The course of the epidemic cannot be predicted, but in the Southeast, at least,
the fungus’ sensitivityto heat limits its effects on the eastern dogwood.

Primary source: Fai|h Thompson Campbell and Sco~" E. Schlarbaum, Fading Forests: North American Trees and the Threat of Exotic Pests
(New York: Natural Resources Defense Council, 19941.
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had previously been distinct. The barriers thusonce. In terms of volume, speed, trade routes, and
breached may not even be noticed ~by terrestrial,.the xr ~ariety ofp.~ganisms involved, the modern trad-
canal-building vertebrates, but the view looks very~g@~t~ ~d~fs anything previous eras have seen."
different from the water. In the U.S. Northeast, the Take volume first: at the turn of the century, a sub-
Erie canal, completed in 1823, broke through thestantial ship might have a capacity of 3,000 tons; by
hump of land geographers call the Allegheny Divide.World War II, 10,000-ton ships were common;
For over 10,000 years, since the retreat of the. glaci-today, ships are often I50,000 to 250,000 tons and
ers, the divide had separated what is now the Greatthe largest vessels exceed 600,000 tons. The sheer
Lakes Basin from coastal rivers like the Hudson.increase in size may help explain why ballast water
More than a score of exotic fish and molluscs haveinvasions seem to have gone from a dribble to a tor-
arrived in the Hudson drainage through the canal,rent somewhere in the I970s or early I980s.
The Suez Canal, a conduit for 20 percent of world For many types of organisms, greater speed may
maritime traffic, rejoined the Red Sea to the Mediter-be more important than greater volume, since the
ranean in 1869, after some 20 million years of sepa-shorter the time in transit, the higher the odds ofsur-
ration. Thus far, nearly 300 exotics are thought tovival. For ships, the quantum leap in speed actually
have found their way into the Mediterranean throughoccurred in the latter half of the last century. In
the Suez, including the Red Sea jellyfish (Rhopilema1851, the William T. Coleman California Line was
nomadica), which now. produces mass summertirne~billing its Syren-,"The A1, Extreme Clipper Ship"--
swarms along the sea’s eastern coast. A harbinger,as capable of sailing from San Francisco to Boston
perhaps, of what the Leidy’s comb jelly may do if it(via Cape Horn) in 100 days, and from Calcutta to
makes its way down from the north. Boston in 96 days. It would have taken the Syren four

If you know wtiat to look for, you can read the to six weeks to cross the Atlantic. The transition from
results of past ambitions, conflicts, and blunders largesail to steam cut that time in half: by the turn of the
and small in the landscape around you. Around some~ century, steamers were crossing the Atlantic in only
European cities, for instance, you can still find thetwo weeks. Land transportation underwent a revolu-
remnants of various "siege flora"--the growingtion at about the same time. By the 1870s, North
remains of the meals, bedding, and forage of beseig-America had been girded by rail and it was possible to
ing armies of the past. Military movements have trig-travel from one coast to the other in a couple of days.
gered more spectacular invasions too: the brown treeThe rail system included ubiquitous water towers--
snake (Boiga irregularis) is thought to have arrivedan ~ssential part of transportation infrastructuie in
on the Pacific island of Guam in U.S. military trans-the steam age. Rail and water offered an unprece-
ports around 1950. The brown tree snake has eatendented opportunity to fisheries authorities, who were
12 of the island’s 14 land bird species into extinctioneager to flood the continent’s waters with their
in the wild, and several lizard and bat species as well.favorite fish. Stock could be moved rapidly over great

Many industries--some of them stillwith us, somedistances and the fish tanks topped up whenever
largely forgotten~have left an enormous biotic lega-locomotive boilers were refilled. Soon drainages all
cy in the form of invasion. Some 500 exotic plantover the United States were feeling the plunge of
species growing around the French city of MontpelIi-exotic fingerlings.
er, for instance, have been attributed to wool imports; Air traffic, Of course, represents another quantum
for centuries, wool scouring was an important localleap in speed, and air cargo is a rapidly expanding sec-
industry. It was the oysterAndustry, about a century...~tot in the trade.network. Air cargo traffic is growing
ago, that inadvertently released the North Americanat about 7 percent a year (in terms of ton-kilome-
Atlantic cordgrass onto the coast of the Pacific North-ters). In I989, only three airports received more than
west, in shipments of oyster "seed." In its new range,a million tons of cargo; by 1996, that number had
the cordgrass has converted extensive tracts of tidalrisen to 13. Many organisms that would die or be
mudflats--essential for many bird and fish species--detected during a shipboard crossing can travel easily
into much less productive marsh. A failed soap-mak-by air, including human pathogens. Anyone infected
ing industry helped the highly invasive Chinese tallowwith cholera who boarded the Syren in Calcutta
tree into the forests and wetlands of the U.S. South-would have been very sick long before reaching
east. (The tree’s seed~ can be made into soap; unfor-Boston. But cholera and many other diseases are
ttmately, since the tree is also beautiful, there isbound to travel undetected on dozens of air routes.
another pathway through which it moves: horticul- Because the world trading system is so large and
ture). The failed enterprise that has probably left thecomplex, the pathways within it are in a continual
greatest biotic scar was the tragic attempt to producestate of flux. Like vessels in some sort of global capil-
silk in Massachusetts by importing the gypsy moth. lary network, they are constantly growing and con-

Today, the’ invasion potential of trade and indus-stantly withering away, only to rebuild themselves
try is expanding radically in several dimensions atelsewhere. As developing countries trade increasingly
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among ~.t~emselves, it is likely that wholetimber species in eastern Russia, turned up 175
new sets of pathways will open up-- species of arthropods (insects and their relatives),
between India and Africa, for example, or nematodes, and fungi, including "a Eurasian spruce
Latin America and Southeast Asia. The bark beetle (Ips typographus) that occasionally

geographical shifting, along with the complex-explodes in outbreaks lethal to millions of trees in its
ityofthe pathways themselves, gives the "ecology" ofnative range. Thus far, U.S. inspectors have found
the world trading system a kind of demented corn-dais beetle nearly 200 times in incoming shipments of
plexity, like a Rube Goldberg drawing. Who wouldEuropean and Asian goods. In 1993, an infestation
have thought, prior to the early 1980s, that rubberwas detected around Erie, Pennsylvania and eradicat-
?ecyc.ling would be instrumental in spreading amos-ed. Weakened regulations would presumably increase
quito? Or that manufacturers of a certain kind ofthe likelihood of the beetle establishing irselfin North
light were unwittingly increasing the pest risks toAmerica. And the results, according to the Forest Ser-
North American coniferous forest? vice, could be "as disastrous for North American

spruce as the Dutch elm disease was to elms."
~[ ~" ~rhat,is true of the ~ading system in gen- But not all biologically dirty industries are as large
~ ~’ ] eral is also true of many industries inas the forestry sector. Some small industries are play-
~,/~[ particular. The forest products indus- ing out-sized roles as biopolluters--horficulture, for
~’ ~’ try is a prime example of the trend, example. (See table, page 32.) About 60 percent of

The movement of forest products has always entailed. the worst plant, invaders of North American’natural
serious ecological risk--a shipment of veneer logs, forareas are still being grown and sold by the North
~.example, brought the Dutch elm disease to NorthAmerican nursery industry. One global survey of
America. (See table, page 28.) But those risks have’woody plant invasions found that in the 624 cases in
increased enormously as the trade in raw wood prod-which the origin of the invasion could be ascertained,
ucts continues to grow, both in volume and in the59 percent came from botaffical gardens, landscaping,
number of trade routes involved. From 1970 toor other amenity purposes. In addition to escaped gar-
1994, the most recent year for which figures areden plants, horticulture .releases a large number of
available, export volumes of raw logs increased 21weeds, insects, slugs, and pathogens. Historic nursery
percent (to 113.4 million cubic meters). Trade intrade contributions to North America include the
sawnwood nearly doubled (to 108 million cubicchestnut blight, the white pine blister rust, and the
meters). Among the countries that have substantiallybeech bark disease complex. (See table, page 28.)
increased their raw log exports in recent years are The pet trade, the animal equivalent of horticul-
China, Ghana, Papua New Guinea, the Solomonture, is another major conduit of invasion. The
Islands, Russia, New Zealand, and Chile. Biggerdomestic cat, for example, is a formidable and now a
importers include China, Korea, Taiwan, and a hum-nearly universal predator. Cats--many of them gone
ber of African countries, wild--appear to be a serious stress on bird popula-

What the logs contain besides wood is anybody’stions in Europe and North America and on small
guess. At a conference on the dangers of raw woodmammal populations in Australia. There are plenty of
imports in 1996, a former Oregon Department ofother ex-pets out there as well. Consider the boom-
Agriculture inspector recalled opening up the hatchesing reptile trade. In Florida, the trade has introduced
of a wood chip carrier that had just arrived from Brazilabout 20 species of exotic lizards, some of which prey
and watching "a cloud of insects" escape, Accordingon native lizards. Florida may eventually become
to many experts, North America would risk a disasterhome to breeding populations of exotic pythons;
of epochal proportions if lumber companies in thesince no big constrictors are native to the state, local
U.S. Pacific Northwest succeed in weakening federalbirds and other potential prey species may not be
regulations on importing raw logs. Relaxing the regu-adapted to cope with them. In Hawaii, escaped
lations would make it easier to feed the region’s over-chameleons are comPeting with native birds for
.~apacity sawmills, but it would also greatly increase theinsects. And perhaps the most popular reptile in the
odds of hundreds of new forest pests eventually mak-U.S. pet trade, a native North American turtle called
’ing their way into western North America. the common slider (Trachemys scripta), has attracted

Some mill owners, for instance, have been~ pro-the attention of animal breeders in various develop-
rooting the idea of importing Siberian logs. (Strictlying countries; common sliders are now sliding into
speaking, it is already legal to do this, but no compa-the rivers of Panama, Malaysia, and Thailand.
ny has found an economical way to handle the But by far the most ecologically disruptive sector

procedures, which involve debark- of the is the trade. In increas-requiredtreatment petindustry aquarium
ing, heating, then storing the logs in sanitary condl-ing numbers, aquatic plants, snails, shrimp, fish, and
tions until shipment.) A U.S. Forest Service inventoryvarious other denizens of hobby aquariums are find-
of organisms associated with Siberian larch, a majoring their way into natural waters. Some escape’ from
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breeding facilities; others are offered their freedom A set of new pathways may emerge from biore-
by soft-hearted but misguided owners who have tiredmediation, .the increasingly common practice of using
of their charges. The results have really put theindus~~)"~ to clean up contaminated sites. In its
try on the map. Hydrilla, a popular aquarium plantmost common form, bioremediafion involves the
from South Asia, escaped from a culture facility inrelease of bacteria to break down large organic chem-
Florida in the early 1950s and is now a premiericals (such as petroleum derivatives) into smaller,
aquaficweed throughout theSoutheast, aswellasonmore benign compounds that will dissipate more
much of the West Coast. Fiydrilla is clogging morereadily into the environment. (The bacteria used are
than 40 percent of Florida’s rivers and lakes, not pathogens--they don’t cause diseases.) This kind

Various species of aquarium fish--and the collec-of bioremediationSs effective and cheap; it’s expect-
tion includes a substantial share of the world’s tropi-ed to reduce clean-up costs on sites contaminated
cal freshwater fish--are rapidly approachingprimarily by organic chemicals by a factor of 10. The
cosmopolitan status. Such standard ornamentals as"U.S. Environmental Protection Agency has conclud-
guppies and swordtails, both native to Central Amer-ed, for example, that if bioremediation had been used
ica, can now be found in tropical ponds and streamsto clean up the Exxon Valdez spill, the cost would
all over the world, especially near cities. Some highlyhave come in under $250 million, instead of the actu-
disturbed but relatively clean habitats, like the canalal $2.5 billion. Most bacteria used in bioremediation
systems of central Florida or the streams on thebelong to ~ry. ~widespread groups, bu~t our under-
Hawaiian island of Oahu, have in effect become giantstanding of bacterial distribution is not highly deveb
natural aquaria; aquarium species now dominate, oped, and in the process of.cleaning up oil spills, we

Healthy aquarium fish command a good pricemay create some bacterial spills.
and efficient transport makes it possible to sell to Spills of a very different sort are likely to result
distant markets, so breeders have set up shopfrom phytoremediation, a form of biorem, ediation
throughout the warm regions of the world. If it’sthat uses certain plants to draw up soil contaminants.
beautiful and breeds easily, it has a good chance ofThe process involves sowing a suitable plant on a
making a new life in the southeastern United States,contaminated area, allowing the "crop" to mature,
Thailand, Malaysia, India, and various places inand then cutting or uprooting it. The contaminant-
between. In the United States, 65 percent of theladen plants can then be treated as toxic waste. Phy-
exotic fish species that are completely foreign to thetoremediation is used primarily to clean up metals
country arrived through ’the aquarium trade. Andsuch as lead, zinc, or chromium. Sometimes it’s even
new ones are establishing themselves all the time. Atpossible to recover usable amounts of metals from
the time of writing, the latest addition is an Asianthe contaminated harvest. The process has been used
eel that has taken up residence in ponds near theto clean up radioactive contamination too. The
Chattahoochee River, a major southeastern river,oilseed crop, Indian mustard (Brassica juncea), for
Like the Asian walking catfish that has invaded Flori-example, is being used in Ukraine to pull strontium
da, the eel is an efficient predator that can breatheand cesium out of soils contaminated by the Cher-
both air and water, and it’s capable of moving over-nobyl disaster.
land from one pool to another. There are apparently a large number of plants that

The aquarium trade is spreading fish pathogens ascan "hyperaccumulate" metals, especially in the trop-
well. For example, at least 42 diseases have beenics. In the flora of Cuba alone, for example, one
identified in aquarium fish awaiting shipment into ~. botanist has identified 80 species that concentrate
Australia. In that country and in other parts of thenickel. Some geneticists, not content with these nat-
world, some of these pathogens have escaped into theurally-occurfing forms, are searching hyperaccumu-
wild; a few apparenfly owe a nearly worldwide distri- lating bacteria for metal-hungry genes, which they
bufion to this industry. Some ecologists speculatecan then splice into plants. One group has created a
that escaped aquarium pathogens may be a factor intransgenic form of Arabidopsis thaliana (a plant
global amphibian: decline, commonly used in genetic experiments) that absorbs

New industries will doubfless create new path-mercury and exhales a faint mercurial plume into the
ways, or expand old ones. In Europe and Northair. Transgenic or not, a metal-laden plant could
America, for example, the resurgence of interest inmake a formidable invader. I-Iyperaccumulation has
herbal medicine is likely to result in more medicinalsurvival value: it tends to make plant tissues toxic or
plant invasions. Herbal medicine was probably one ofunpalatable to insects and pathogens. In the contin-
the pathways that spread purple loosestrife. (Seeual war with the insects, plants with this internal
table, page 32.) A plant in more recent vogue is "armor" could well have an edge over
Saint John’s wort (Hypericum perforatum);~B~_~ more edible native competitors.
herbalists credit it as an antidepressant; natural
areas managers know it as a serious weed.
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n terms of immediate social effect, the mostthe time. Doubtless, many of them have no idea
important set of pathways involves ~ the growingthey’re infected. In the United States, for example,
movement of humanity itself, which is increasing-there are about 1,000 new cases of malaria every year,
ly stirring the world’s human pathogens into aand nearly all of the victims apparently pick up the

single, integrated, microbial system. No .previous eradisease while traveling. The infectious potential of an
has experienced such an uproar of human movement.airplane is not simply a matter of quick transit--it’s
Every week, about 1 million people move betweenalso the result of close confinement within the plane,
the developed and the developing worlds; every day,especially for respiratory infections. Consider this:
about 2 million people cross an international border,every hour, the-average pair of human lungs takes in
Travel and tourism is now the world’s biggest indus-roughly 833 liters of air, or 83 percent of a cubic
try, in terms of its annual receipts, which amount tometer. A really big plane, like a .747, can carry about
more than $3.4 trillion. World air passenger traffic--400 people, who would have a collective respiration
the best single indicator of long distance travel--israte ofarotmd 333 cubic meters per.hour. The maxi-’
increasing at about 6 percent per year. By 2000, themum cabin volume of a 747 is 876 cubic meters (but
civilian world air fleet will be moving more than 1.7that’s empty volume--before people come on board).
billion passengers .aonually, 522 million of them onAirplane ventilation systems admit small amounts of
international flights, fresh air at fairly rapid intervals, but it may take 30

People infected with serious communicable dis-minutes or so to flush cabin air completely. Given the
eases are presumably moving through this system allamount of breathing that is going on in the cabin,

" GARDEN VARIETY-MONSTERS .... " .:’:

Rubber Vine Introduced from Madagascar as’ an ornamental and possible rubber source into northern AUs- ,
tralia at the turn of the century. This plant now infests some 350,000 s_quare kilometers of tropi’
cal Queensland, where it chokes out native grassland and forest, smothering trees up to 30
meters high.

Clematis v#alba ’This ornamental vine from "northern Europe had escaped fromgardens in New Zealand by the "
1930s. It is doing to that countrys forests what rubber vine is doing to northern Australia.
When a stand of’smothered trees collapses, clematis blankets the resulting tangle, forming mats
over a meter thick and preventing ~any regeneration.

Water Hyacinth A South American aquatic plant introduced during,the 19th century into the Southern United
States, Africa, and southern Asia. Its original use was often as a pool ornament; subsequent
useshave included fodder, green manure, biogas production, and wastewater treatment. But
given the number of lakes and rivers that have disappeared beneath it, many water managers
would be glad to get rid of it Without using it at all.                              ’

Purple Loosestrife This European wetland plant probably first reached North America at the end of the 18th cen-
tury in wool imports and solid ship. ballast; during the 19th century it was imported fo.r orna-
mental and probably for medicinal purposes. It has now overrun more than 600,000 hectares
of North American temperate and ~oreal wetland, where it has eliminated native vegetation
and ruined the waterfowl forage base.                                    ~    ’

Kno~eeds Bamboo-like plants from east Asia introduced into Europe and North America during the 19th
century as ornamentals and, in Europe, for game forage. On both continents, knotweeds are .
outcompeting native riverside vegetation and choking off water courses.            ~ ¯

Saltcedars or Scrubby, Asian trees introduced into the western United States beginning in the early 19th
Tamafisks century, primarily as ornamentals but also for erosion control along rivers. Today th.ey infest

"" more ~:han 600,000 hectares along rivers and streams, forming dense thickets o~ little wildlife.
value and often eliminatin,cl surface water. In the U.S. Southwest, saltcedars may now absorb a

¯ greater quantity of water titan is used by all the cities of southern California combi.ned. ¯ ¯

Miconia A beautiful tree from the American tropics, miconia is a favorite in tropical botanical gardens
all over the world. But the tree casts dense shade that excludes other vegetation. Its seedlings
reach sexual maturity in only a few years, then produce millions of seeds of their own; In
French Polynesia, miconia is smothering virtually all of the territory’s major islands. On Tahiti,
where it is known "the cancer," miconia has displaced more than two-thirds of the .as green
native forest, and is threatening 25 percent of the island’s native wildlife species. ~

For sources, see chapter 6 of Life Out of Bounds.
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that leaves plenty of time for little clouds of microbesan Indian epidemic as all but inevitable-~especially
to move from one set of lungs to ’another. So an air-since, another favorite destination of Indian emigrants
plane that takes off vc~th one infected passenger may:~ ~sT.~. E~itiia America.
well arrive with several. And if a crew member is Travel not only spreads diseases, it can intensify
infected, then several plane-loads of people could bethem. It used to be, for example, that on any partic-
exposed before the disease is discovered. In 1993, anular Caribbean island, there was only one type of
investigation by the U.S. Centers for Disease Controldengue fever, but travel and trade are mixing the
and Prevention uncovered a case in which tuberculo-forms of the disease. Infection with multiple strains of
sis had been transmitted through one flight attendantdengue produces dengue hemorrhagic fever (DHF), ¯
to 23 other crew members in t_his fashion, a condition that is far more likely to be fatal than

Permanent migration, like tourism, has reachedordinary dengue. Gl~bally, the incidence of DHF has
unprecedented levels. Every year, some 110 millionincreased nearly tenfold, to 260,000 cases per year,
people immigrate to another country. In addition tosince 1986. Such overlapping infections may open up
these "standard" immigrants, the stream of interna-whole new dimensions of public ill-health. One rea-
tional refugees and internally displaced persons has~ son AIDS kills much faster in Africa than it does in
increased almost every year since the end of Worldother parts of the world may be that so many, of its
War II. Since the beginning of this decade alone,victims are also infected with malaria. Malaria (anoth-
their number has grown by more than 60 percent,er mosquito-borne disease) is already infecting 225
from about 30 to 48 million. Many of these peoplemillion people a year ~ind killing 2 million of them.
end up in camps or shantytowns that are among thePerhaps one side-effect .of its resurgence will be an
world’s most miserable and disease-ridden places, increase in the death toll from AIDS.

In general;" the world we are traveling through Medieval Arabian scholars were able to map the
seems to be getting sicker. Over the past two decades,path of the Black Death. From its origin ~ the cen-
some 30 "new" diseases have emerged--diseases liketral Asian steppes, it followed the trade routes over-
AIDS, Ebola, and the "flesh-eating" streptococcus. Atland to the Crimean peninsula of the Black Sea, then
the same time, several of humanity’s oldest and dead-sailed to Byzantium and on to the great cities of the
liest scourges--malaria, cholera, and tuberculosis, foreastern Mediterranean. Those chroniclers were
example--may be gathering strength. This resurgencewatching a particularly horrible form of biotic mixing
of infectious disease is driven by a complex of envi-on a continental level. At the end of the 15th centu-
ronmental and social forces. Water-borne diseases likery, as the Age of Discovery opened, the biotic turmoil
cholera lurk in the open, untreated sewers used bybegan to unfold on a global level, as the European
some 1.7 billion people, mostly in the rapidly growingbiota spilled out over much of the earth. Gradually,
slums of Third World cities. Other pathogens areover the ensuing cenffiries~ various creatures from
spreading because their vectors are on the move--other regions were pulled into the flux--South
creatures like the Asian tiger mosquito. And a grow-American potatoes, Australian eucalypts, ,North
ing number of pathogens--all three of the ancientAmerican salmonids. Today, we have inaugurated a
diseases just mentioned, for example--have evolvednew era of ecological chaos. There is no longer any
drug resistant ~trains. (Another reason for the resur-single predominating current, nor is there any type of
gence, however, may be the fact that some 2.5 billionorganism that we can say with assurance is exempt
people, about 40 percent of the global population,from movement. Just about anydfing could be trans-
don’t have access to essential drugs at all.)Infectiousported anywhere. Who will be able to map the
diseases kill about 16.4 million people every year;plagues of the next millennium?
that’s about a third of all human mortality.

Human movement is the common denominatorChris Bright is senior editor of WOI~D WATCH and
within much of this complex: it makes every locala research associate at the Worldwatch Institute. Life
misery a global concern. Take the mosquito-vectoredOut of Bounds: Bioinvasion in a Borderless World
disease, yellow fever, for example. Yellow fever haswas published by W.W. Norton
two strongholds: the forests of Latin America and the& Company in October 1998 for
west African countryside. In 1992, for the first timethe Worldwatch Environmental
in a quarter-centhry, the African reservoir of the dis-Alert Series. It can be ordered
ease reached east, into Kenya. Many experts fear thatthrough the Institute web site,
the Kenya epidemic is the beginning of a new con-www.worldwatch.org, or by call-
quest. Kenya is a favorite destination for Indian emi-ing (800) 555-2028.
grants; there is, consequently, a considerable amount
of air traffic between the two countries. Yellow fever
is not yet present in Asia and the Indian population is
wholly unvaccinated against it. Some experts regard
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